In steady-state conditions serum leptin concentration is directly related to body fat stores, but is also affected by changes in energy balance. This cross-sectional study investigated the serum leptin concentrations of severely obese patients with binge eating disorder (BED), in whom body fat was greater than normal and, because of eating pattern, rapid and repeated changes in energy balances took place. METHODS: A group of BED obese patients was compared to a group of obese patients with a regular eating pattern with the same body weight, body composition and resting energy expenditure. Serum leptin was measured and the eating attitudes were evaluated by Eating Inventory and Eating Disorder Inventory. RESULTS: In these patients serum leptin concentrations were only weakly correlated to body mass. Furthermore, in BED obese patients serum leptin concentration was higher than in their non bingeing counterparts. CONCLUSIONS: In obese patients both body fat size and eating behavior influence serum leptin concentration, but BED patients binge eating is not triggered by a low leptin value.
Introduction
Leptin is recognized as a feedback signal to the central nervous system that influences feeding behavior and energy homeostasis. 1 Leptin is mainly produced by adipocytes; this is reflected in a positive relationship between serum leptin concentration and body fat mass in both normal-weight and obese subjects. Furthermore, a sharp decrease in serum leptin concentration follows an acute energy restriction, suggesting an additional role of leptin in the short-term regulation of food intake. 2 -4 Leptin plasma concentrations are sharply reduced in underweight anorectic patients, mainly because of the low body weight and the reduced body fat store. 5 -7 Furthermore, a clear-cut decrease of serum leptin concentration was observed in bulimia nervosa patients despite a normal or nearly normal body weight, indicating that factors other than body fat stores may play a role in regulating leptin production. 8, 9 It has therefore been suggested that in anorexia and bulimia nervosa patients a reduced leptin level in absolute or relative terms could explain the increased hunger sensation and could compel bulimic patients to binge eating. 5 -9 The few published investigations on leptin concentration in binge eating disorder (BED) obese patients provide conflicting results. Karhunen et al suggested no difference in serum leptin concentration between BED and non-BED obese patients, suggesting that leptin does not play a role in the short-term regulation of eating. 10 In contrast, other researches showed higher leptin concentrations in BED obese patients than is normally expected for their body weight, indicating that plasma leptin might be a sensitive marker of metabolic changes occurring during bingeing episodes, and that an increased leptin value with an impaired sensitivity to the increased circulating leptin could be involved in the pathogenesis and=or in the maintenance of bingeing behavior. 8, 11 In order to ascertain the relationships between leptin and eating pattern in obese patients, this investigation sought to measure the serum leptin concentrations in both BED and non-BED obese patients and to correlate data to individual food-and shape-attitudes and to the patients' weight fluctuations.
Material and methods
The investigation was carried in 30 severely obese women asking for bariatric surgery. Body weight (BW) had been stable for at least 6 months in all patients and at the time of the study none of them was on reducing diet. Fourteen women met the criteria for BED, 12 and 16 women had never engaged in bingeing behavior (Table 1) . Except for obesity, all patients were in completely good health and did not take any medication known to influence metabolic parameters.
The height and weight of each subject was recorded and body composition determined by bioelectrical impedance analysis (RJL System, Detroit, MI, USA), deriving body fat (BF) content from appropriate equations. 13 Resting energy expenditure (REE, kcal=min) was measured by indirect calorimetry (Centaurus Cosmed) and calculated by standard equations.
14 Serum leptin concentration was determined in the morning after an overnight fast: measurements were made using a commercially available RIA kit (DRG Instrument, GmbH, Marburg, Germany), the interassay and intra-assay coefficient of variation being 5.7 and 3.7%, respectively. 15 Patients were asked to answer a series of questions on BW variability, covering magnitude and frequency of weight reduction due to dieting during their lifetime, considering only the weight loss episodes greater than 10 kg: a continuous weight cycling index (WCI) was then computed. 16 Eating behavior was evaluated by Eating Inventory (EI), which assesses the cognitive alimentary restraint, the tendency to disinhibition over food intake, and the susceptibility to hunger, 17 and by Eating Disorder Inventory (EDI), developed to assess specific behavioral traits among eatingdisordered individuals and thus deemed suitable to identify characteristics associated with binge eating among obese persons. 18 Due to the small number of cases, analysis was carried out by non-parametric statistical methods: differences were evaluated using the Mann -Whitney U-test for independent data, and the relationships between data were assessed using the Spearman coefficient.
Results
Among the obese women of this study, 14 (47%) of patients met the criteria for BED. In the BED and non-BED patients, BW, body mass index (BMI), BF and REE were essentially identical. Higher serum leptin concentrations were found in the BED patients, both as absolute values and normalized for BF (Table 1) , with significance levels greater for the absolute values. Furthermore, serum leptin level was significantly associated with BF (r ¼ 0.387, P ¼ 0.045), while no correlation with BW or BMI was observed.
In
Discussion
In this investigation serum leptin concentrations of BED patients were greater than those observed in their non-BED counterparts with similar BW and body fat mass.
Unlike most previous data, 15, 19, 20 the serum leptin concentrations detected in this study were unrelated to BW and BMI values. The vast majority of papers reporting the relationship between leptin and body mass have been carried out in normal or in slightly and moderately obese subjects and, since the prevalence of BED increases with increasing adiposity, it is conceivable that only a few BED patients had been included. On the contrary, this investigation focused on individuals with severe obesity, and nearly 50% of them had to be considered as having BED.
Since serum leptin concentrations of BED obese patients were considerably higher than those of their non-BED counterparts, the influence of a source of variation, eg the eating pattern, in the relationship of leptin to body mass has to be hypothesized. The presence of BED and therefore of markedly high serum leptin concentration values in nearly onehalf of the subjects might explain the lack of correlation between serum leptin concentration and BMI values observed in the patients of this study. This finding is in agreement with previous results obtained in patients with obesity of extreme degree. 21 However, although in severely obese patients serum leptin concentration appears to be strongly associated with eating pattern, the weakly significant positive relationship between leptin and BF mass suggests that adipose tissue still has a Several studies have demonstrated that the tendency to disinhibition and the susceptibility to hunger, as evaluated by the EI, as well as the EDI bulimia score, are higher in BED than in non-BED patients. 22 -24 Furthermore, weight fluctuation due to reducing diet is more frequent in BED patients than in the non-BED individuals. 24, 25 Therefore, since serum leptin concentrations in BED patients were also greater than in their non-BED counterparts, the positive associations between serum leptin concentration and EI disinhibition and susceptibility to hunger score, EDI bulimia score and WCI are not surprising.
One could speculate that in BED patients a low serum concentration of leptin compels the individual to binge: this hypothesis, however, is not supported by the normal or higher serum leptin concentration observed in BED patients compared to non-BED counterparts. 8, 10, 11 Because BW, body composition and REE values were very similar in all subjects of this study, and since the physical activity was most likely comparable, a similar overall energy intake has to be assumed. In addition, since in all cases BW was essentially stable in all cases, all patients have to be considered in energy balance. BED and non-BED patients are thought to have an average similar energy intake and different serum leptin concentration: this prompts the hypothesis that in obese patients customary food consumption and serum leptin concentration are essentially independent.
Hence, the higher serum leptin concentration in BED patients could simply reflect the transient positive energy balance that patients experience during binge eating episodes, confirming previous results obtained in normal subjects. 26 In BED patients with a lesser degree of obesity, with BW and BF values lower than those of the subjects in this study, completely normal serum leptin concentrations were observed. 10 In these patients a lower overall food intake and a less frequent bingeing with a smaller quantity of food consumed per episode have to be assumed. Therefore, it might be inferred that leptin production in BED patients is influenced by the frequency of bingeing and by the amount of food eaten during each bingeing episode.
Some investigations have reported a negative association between dietary restraint and serum leptin concentration in eating disordered and in BED patients. 9, 10, 27, 28 In contrast, this study showed that serum leptin concentration was positively related only to scores indicating a tendency to lose control over food intake. This would suggest that the dietary restraint of severely obese patients is inadequate in reducing the current food intake and therefore plays no role in influencing leptin concentration.
In conclusion, the findings of this study indicate that both the eating behavior and the amount of adipose tissue influence serum leptin concentration, thus confirming in severely obese patients the findings observed in eating disordered patients and in BED individuals with a mild degree of obesity. 9, 10, 27, 28 Furthermore, the results do not support the hypothesis that in eating disordered and in BED patients a low serum leptin concentration is a primary phenomenon, which causes a restriction of food intake in anorexia nervosa patients, 27 or an increased hunger sensation that compels bulimia nervosa or BED patients to binge. 29 Rather, increased or decreased serum leptin concentrations merely seem to be the consequence of prolonged periods of sharply negative energy balance ensuing from frequent dieting in anorectic patients or in restricting individuals, or of frequent bouts of positive energy balances due to bingeing episodes in BED and in bulimic patients.
